Binding and insertion of alpha-helical anti-microbial peptides in POPC bilayers studied by molecular dynamics simulations.
We have performed molecular dynamics simulations of the interactions of two alpha-helical anti-microbial peptides, magainin2 and its synthetic analog of MSI-78, with palmitoyl-oleoyl-phosphatidylcholine (POPC) lipid bilayers. We used various initial positions and orientations of the peptide with respect to the lipid bilayer, including a surface-bound state parallel to the interface, a trans-membrane state, and a partially inserted state. Our 20 ns long simulations show that both magainin2 and MSI-78 are most stable in the lipid environment, with the peptide destabilized to different extents in both aqueous and lipid/water interfacial environments. We found that there are strong specific interactions between the lysine residues of the peptides and the lipid head-group regions. MSI-78, owing to its large number of lysines, shows better binding characteristics and overall stability when compared to magainin2. We also find that both peptides destabilize the bilayer environment, as observed by the increase in lipid tail disorder and the induction of local curvature on the lipid head-groups by the peptides. From all the simulations, we conclude that the hydrogen bonding interactions between the lysines of the peptides and the oxygens of the polar lipid head-groups are the strongest and determine the overall peptide binding characteristics to the lipids.